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Abstract of JP1 0269353 

PROBLEM TO BE SOLVED: To generate an 
artistically excellent mosaic image by executing a 
mosaic software and generating the mosaic 
image from a target image and a source image. 
SOLUTION: The mosaic image 10 is generated 
from the picked-up source image 12 so as to 
permit it to approximate to the target image 14. A 
computer work station 20 having a video input is 
used in order to pick-up the source image from a 
video tape player 16 and a laser disk player 18. A 
mosaic program reads the source image 12 from 
the selection of a designated database, analyzes 
the target image and selects the source image 12 
to be used in the respective tiles of the mosaic 
image 10. That is, the source image 12 provided 
with resolution corresponding to the number of 
sub-areas which are selected as against the 
mosaic image is loaded into a list where structure 
is linked. 
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-rf-i^fe^i*. 16X16 (fi7-fe;U) , 8X8 <fc>£ 
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struct an_ image { 
. char *path; 
char used; 

* / 

unsigned short *r; 

unsigned short *g; 
unsigned short *b; 
struct an_image *next; 

V / 

: struct an_image *previous; 
} an__ image; 
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8X8 (b^-tz;U) ^^-^f-^^X^P-F 
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^-y©fr */ 

int find_matches(int x, int y} 

register i, rt, gc, bt; 

int low, result, ii, the tile; 

char imagename[256] , best _path [256] ; 

unsigned short rntas [XMAX*YMAX] f graas [XMAX*YMAX] , bmas 
[XMAX*YMAX] ; 

the_tile = x+(y*sizex); 

*ffifc: V - h */ 

for{i = 0; i < pixels; { 

tiles (the_tile] .listCiJ .score=99999999; 
^ tiles {the_tilel .list £i J .rank * 0; 

strcpy (imagename, filename) ; /* ^ - y v h O - i? <D 

itnagename [strlen (imagename) -3] = ' s* ; /* Jttlffi&VJtL 1 r *f Vl/^Sx 

icnagename fetrlen {imagename) -2 J = ' g' ; 

image name (strlen (imagename) -1] = ' i ' ; 

get_grid_space (rmaa, gnias, bmas, x, y) ; /* ^-^y K ^ - ^O 

*a***icS6*+- s > — */ 

*/ 

image = head_image; */ y - X -f J* - 3* <D 9 > ^ * it ft *J X 

*iB|-jetc n y K */ 

while (.image- > next !» NULL) { /* Sv — X -f ^ - 5>ic*t LTS* 
result «= 0; 

~£\ Cft*fr$ C£#T**. V 
/* Ho^sa6?I^a8E**i5iB5> HSV RMSX7-Xi±ifD-S 

C0019] 40 [£3] 
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13 14 
for(i = 0; i > size; i++) { 

rt « (int) ((unsigned char)rmas{i3 - (unsigned 
char) image- >r [x] ) ; 

gt = (int) ( (unsigned char)gmas[i] (unsiqned dhar~) 
image- >g[i] ; 3 ; 

bt - (int) ( (unsigned char)bmas[i] - (unsigned 
char) image- >b [i] ; y 
result (rt*rt+gt*gt+bt*bt) ; 

i = 0; 

if (result < tiles [the_tilej .list [pixels-1] .score) { 
«fit.«- < pixelsm 1 ^^ 1 " " til&S ^-^ -11* til .«oi«) 

for(ii « pixele-1; ii> i ; ii--j { 

tiles [the tile} list [ii) . score - tilesfthe 
tile] .list [n-1] . score; 

tiles [the tile], list [ii]. rank tiles [the 

tile] . last [n-1] . rank; 

tiles [the_tile] list [ii) . pointer - tiles (the 
tile] . list] ii-1] . pointer 



tiles [the_tile] .list [i] . score « result- 
tiles [the^tilel . list [i] . rank - i ♦ 
tiles [the_tile] .list {i] .pointer L i mage ; 

image = image -> next; 
} /* wh i 1 e (*7Y fid */ 

low - tiles Cthe_tileJ . list [0J . score,- 

tile S ;{the_tile]. score - tiles [the_tilej . list [0] . score • 
txles [t he_ ti le].rank = tiles [the.tile] . list ioj . ran*; ' 
■trWbe.t_p.th. tiles fthe.tile] .li 3C[0 ] .pointer- >path> - 

SSSS? 1 - reguired - "1- fthe.ti/e]. list fO). point 



er- 



[0 0 2 0 ] 



*40* [314] 

strcpy (tiles [the_tilej .path, bestjath) ; 

sprint f (imagenarae, ,, %s/%s« / disp_yersion, best^path) ; 

/* »^v- h^ti^ux h^^ts 0 v 

return low; 

} /* find_matches () */ 
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ifOTHS (g£) OS^i^J:5<gt^?)(f, aft 3 fc. ) 
*vfcC>C£*H^S. (Coyp^AB, [0 0 2 2] 

/* yo^A (findjnatches 01 ©S107i-Xi:feV^ 

c<ha*T*tt^ (y-x-f .*/ 

^fLSS) o c©;i/-*>©Bfii± N £©£'!>? FffiH*^ */ 

/ * y - * ,f y - 5?*«J8* 5 fc* tc§g@£ic& a 5Cit* 

SiEH*titti\, */ 
int optimize 0 

int i, x r deepest a o, change, a, step, which; 

/* anjiN A 2r;i/r/i;xju-t:^*? % ts^r. -r^TOc^y ^ f& 

for(a = 0; a < pixels; a++) { 
change « 0; 

/* $-¥v $—9{Zls\t%jf\) y Fffij5©@.*(;: 

for'(x = 0; x < pixels; x+ + ) { 
which - 0; 
do { 

step = 0; 

for(i = 0; i < pixels; i++) { 

^ */ 

. /* do-wh i I e ( F «> — 

if ( (tiles [ij . rank <« 
which) && ( Istrcmp (tiles [x] .list [which] -pointer->patch, 
tiles! [ij .path))) { 



[0023] 



[*63 
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« % Xay (score) £r^i y */ 

wVnr^v tc /H-i fi if ( (tiles [i] .rank 

continue ^ales [x] .score > tiles [x) .list EwhichJ .score) ) 

if (i =;= x) continue; 
which* +; 
step = a, 



} 

/ while (step) ; 



} 



if (which > deepest) deepest = which; 

>pa.thn f StrCmp(tiles W-P ath ' ti^ S M .list [which] .pointer- 
; change ++; 

.atrcpy (til*, [x] .path, ti l es [x} . liet [which] iflter _ 
>path) ; 

>reguired; W ' rsguired - til- W -. li st [which] . pointer . 
} /* for (7*-) */ 

if f! change) breaks 
} /* optimize () */ 
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0 8fe<ktfl0 2*£C5*S 

l». 10*jJ:cX10 4%4C4IS*4Jtti* 

2 0»«f«cfct>r, *;^;i/S)fc!3 4x4©f'^ffl«36$« 

[0C2 7] -M-m l 2*iJ:CXl 0 8*4U5IS» 
4&S£3©#fftefctrc«, 16X1 6-f7ffi®tffa 
^6h5. 1 6 x I 6*^«-Ctt, 1 
2tt£-y-jr h • 0 0 tc^JfWtc2l». H 

[0 0 2 8] »#§<hfcy-* • ^-$/©BiR©f|ft 
fcjDAT, *^««*ttmi/ % f^-JU (high 

-frequency detail) <0^&l>tWt8{CttLTffiC>:3 > h 

SKc^frSftS. C<DCitt-f 1 0 6<DT*<0 8 

4«:*turiitR?n/c^©i:OM^-^-c*^ 0 
[ 0 0 2 9 }H6tt, *1fO ■ ^-^JB^fctetf 

2 1\ 4 4»2<D-tt>V £ • -f 1 6 

h • -f-rf-s^i 1 8*64j«shfc. mi 

<D*VJZ . ^-5/1 1 4tt, y-X • 
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KJ;r)£j8Sftfc. *2©*if-f * • ^-5>J 1 6 
tt, y-* • -Y^-^affi^n-fexoifflCC^Shteg- 
*4;M*I©1 6xi 6^««{cJ:04JiSStifc. *l 

1 6tt, *lCEHrtfO . ^y-t^l 1 4 <tf3fe*-y 
sr F • -M-y l l 8ioa<Htt*qE«:»i>. SfoT, 
JSfc£< ©if ^«8©»*ffic J: 0 6;h4fiLb(,fcy 

[0 0 3 0 ] R8ttftH*©»ffl*Cfcl>r . -f * • 

^-y©£fflfC#L,T;»S (senantic) rtgAiJiSS 

ft*. #)twccB. h . ^y-s/ofgjesnfc 
[0031] jjo©ftewfts»©»»-ctt, ^ ^ . 

[0 0 3 2 ] bt^Jfi^CO^r^/c 

[01 ) *lf-/ ^ • -Y^-^£^^xA©yp.^g| 
[02] y-X • -r^-^Oir-^^-xcD^a^^H 

[03] ■ -r-rf-^£«*s*7Sf>rD-iar 

[04] *-Y^4-9-^«*4%3STH"C*5. 

[05] y-x * JJ~is®miR(<C'Ot,>X<Dy-7ffim5T 

[06] ftftWSc^eif^^ • -r-pf-^OWftaKc-^T 
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1. Title of Invention 

Digital. Composition of a Mosaic Image 

2 . Claiss 

1. A method for generating a mosaic image with an 
appearance that approximates a target image by utilizing a 
plurality of source images and a computer, comprising the 
steps of; 

loading the target image into the computer; 

dividing the target image into a plurality of tile 
regions, each tile region representing a distinct locus of 
the target image, and 

for each tile region: 

comparing source images to the tile region to 
produce a measurement of vigual similarity, said comparing 
step including analyzing a plurality of individual portions 
of each source image; 

selecting the source image with the highest 
measurement of visual similarity to represent the tile 
region ; and 

positioning the selected source image in the 
mosaic image at a locus corresponding to the locus of the 
tile region. 

2. The method of claim l including the further step of 
dividing the tile region into distinct sub-regiona , each sub- 
region corresponding to a specific portion of the source 
image, and' comparing each respective sub-region with each 
respective source image portion to produce the measurement 
of visual similarity. 

3. The method of claim 2 including the further step of 
employing source images having one pixel per respective sub- 
region . 

4. The method of claim 1 wherein said comparing step 
includes the further step of computing the average Root-Mean 
Square error of Red, Green and Blue channels. 
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5. The method of claim 1 including the further step of 
removing source images selected in said selecting step from 
consideration such that no one source image appears more than 
once in the mosaic image. 

6. :The method of claim 1 including the further step of 
capturing source images, and storing the captured source 
images in a database. 

7. ; The method of claim 6 including the further step of 
generating modified source images by cropping the source 
images captured in said capturing step to square. 

8. The method of claim 7 including the further step of, in 
the case of a captured source image in landscape format, 
cropping the captured image from center, 

9- :The method of claim 8 including the further step of, in 
the case of a captured source image in portrait format, 
cropping the captured image from above center. 

10. ;The method of claim 7 including the further step of 
categorizing the captured source images within the database. 

11. ;The method of claim 7 including the further step of 
storing the captured source images at different levels of 
resolution. 

12. The method of claim 1 including the further step of 
deselecting the source image with the highest measurement of 
visual similarity if it is determined that the source image 
has a| higher measurement of visual, similarity to another tile 
region. 

13. The method of claim 1 including the further step of 
specifying at least one source image for assured inclusion 
in the mosaic image, the assured source image being 
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positioned in the mosaic image at a locus corresponding to 
the locus of the tile region having the highest measure of 
visual similarity therewith. 

14. The method of claim 1 including the further step of 
specifying a sub-category of source images for exclusive 
matching with a predetermined portion of the target image. 

15. -An apparatus for generating a mosaic image with an 
appearance that approximates a target image by utilizing a 
plurality of source images, comprising: 

A computer workstation that executes mosaic generation 
software being operative to divide the target image into a 
plurality of tile regions, each tile region representing a 
distinct locus of the target image, 

said mosaic generation software being further operative 
to operate upon each tile region to: 

compare a plurality of source image portions 
to the tile region to produce a measurement of visual 
similarity; 

select the source image with the highest 
measurement of visual similarity to represent the tile 
region; and 

position the selected source image in the 
mosaic image at a locus corresponding to the locus of the 
tile: region. 

16. The apparatus of claim 15 wherein the mosaic generation 
software is further operative to divide the tile region into 
distinct sub-regions, each sub-region corresponding to a 
specific portion of the source image > each respective sub- 
region being compared with each respective source image 
portion to produce the measurement of visual similarity. 

17. The apparatus of claim 16 wherein the source image 
employed for comparison with the tile region has one pixel 
per respective sub -region. 
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18. The apparatus of claim 15 wherein the mosaic generation 
software is further operative to compute the average Root- 
Mean Square error of Red, Green and Blue channels. 

19. The apparatus of claim 15 wherein the mosaic generation 
software is further operative to remove selected source 
images selected from consideration such that no one source 
image! appears more than once in the mosaic image. 

20. £he apparatus of claim 15 further including video 
equipment selected from the grcup consisting of a video tape 
player and a videodisc player, said video equipment being 
operative to capture source images for storage in a database 
in the computer workstation. 

21. : The apparatus of claim 20 wherein modified source images 
are generated by cropping and resizing the captured source 
images to a consistent size. 

22. ; The apparatus of claim 21 wherein, in the case of a 
captured source image in landscape format, the captured image 
is cropped from center. 

23. The apparatus of claim 22 wherein, in the case of a 
captured source image in portrait format, the captured image 
is cropped from above center. 

24. The apparatus of claim 21 wherein the captured source 
images are categorized within the database. 

25. ;The apparatus of claim 21 wherein the captured source 
images are stored at different levels of resolution. 

26. 'The apparatus of claim 20 further including an editing 
computer with software for editing the mosaic image. 
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27. The apparatus of claim 26 further including a printer 
for printing the edited mosaic image. 

28. The apparatus of claim 15 wherein the source image with 
the highest measurement of visual similarity is deselected 
if it is determined that the source image has a higher 
measurement of visual similarity to another tile region. 

29. The apparatus of claim 15 wherein at least one source 
image is assured inclusion in the mosaic image, the assured 
source image being positioned in the mosaic image at a locus 
corresponding to the locus oil the tile region having the 
highest measure of visual similarity therewith. 

30. The apparatus of claim 15 wherein a sub-category of 
source images is specified for exclusive matching with a 
predetermined portion of the target image. 



3 . Detailed Description of Invention 

Field of invention: 

;The present invention is generally related to 
computerized manipulation of images, and more particularly 
Priorj n artsf° n ° f ima S e from a Plurality of sub- images. 

Analysis and manipulation of images using computers is 
well known. For example, computers have been used to analyze 
images of coins travelling along a conveyor belt to 
distinguish different types of coins and compute the total 
value] of the coins. Similarly, computers have been used to 
analyjze images of integrated circuits and printed circuit 
boards in order to detect defects during manufacturing. 
Manipulation of photographic still images and full motion 
video; images to produce special effects is also well known. 
Howevjer, these known techniques do not produce artistically 
pleading mosaic images. 
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Means to solve problems: 

In accordance with the present invention, a mosaic image 
that approximates a target image is produced from a database 
of source images by analyzing tile portions of the target 
image;, comparing each respective analyzed tile portion of the 
target image with the source images from the database to 
provide a best -fit match in accordance with predetermined 
criteria, and generating a mosaic image comprising the 
respective, beet -fit match source images positioned at 
respective tile portions of the mosaic image which correspond 
to the respective analyzed tile portions of the target image. 
In one embodiment the criteria for the best- fit match 
includes computing a version of Red, Green and Blue {"RGB") 
Root -Mean Square ("RMS") error. Other matching systems could 
be employed as long as the goal of finding the source image 
that ;ie most visually similar to the region of the target 
image under consideration is met. 

Increased resolution is idealized in the mosaic image 
through sub- region analysis. In particular, each tile 
portion in the target image is divided into sub-regions which 
are independently compared with corresponding sub-regions of 
each; source image using; in this example, RGB RMS error 
analysis. The computed RGB RMS error for each sub-region is 
summed to provide a sum RGB RMS error for the entire source 
imagej . The unallocated image having the lowest sum RGB RMS 
erroi? is then allocated for use in the corresponding tile 
portion in the mosaic image. The use of sub- regions even 
benefits regions without detail and results in more uniform 
distribution of color by selecting lower contrast images for 
these areas of little high-frequency detail. Another 
embodiment employs a second pass to prevent a source image 
from: being placed in a given location in the mosaic if it 
would have a lower error in another location. 
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Embodiment : 

Pig. l illustrates apparatus for generating a mosaic 
image 10 from captured source images 12 to approximate a 
target image 14* In the disclosed embodiment a VHS video 
tape player 16 is employed to facilitate capture of source 
images from video tapes. The video tape player may be 
employed to single- step through a video tape to capture still 
images for use as source imageB. Alternatively, source 
images can be captured in real-time during playback of a 
video tape. A computer controllable laserdisc player 18 also 
can be employed to facilitate capture of source images. 
Laserdiscs are preferable to video tapes when the desired 
subject matter is available from both sources because of the 
higher quality and easy random access to still images 
available from laserdisc. In the disclosed embodiment a 
computer workstation 2 0 with a video input is employed to 
capture the source imageB 12 from the video tape player 16 
and laserdisc player 18. The computer workstation also 
accept b the target image 14 as input, and is employed to 
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animals root node 32 is selected for the mosaic software. 
Directly under the animal b root node are subdirectories 
containing identical image files at different levels of 
resolution. An originals subdirectory 38 contains uncropped 
versions of each source image file at full si2e 40. The 
originals subdirectory 38 is maintained because source images 
may be recropped during mosaic creation if the results from 
the add_iraages_to_dat abase program are unacceptable. 
Directories labeled 256 x 256 (pixels) 42 and 54 x 64 
(pixels) 44 contain large versions of the formatted source 
images which are used primarily for outputting a final 
bitmap. In this example, a 32 x 32 (pixels) 46 directory 
contains source images which are used for viewing the mosaic 
image on the screen during the construction process. The 16 
x 16 (pixels) 48, 8x8 (pixels) 50, and lxl (pixels) 52 
subdirectories contain source images which are preloaded when 
the mosaic software is initialized. The source images in the 
16 x 16, 8 x 8, and lxl subdirectories are employed for 
matching source images to target image during mosaic image 
generation. Directories of source images at other levels of 
resolution may also be maintained. 

Fig. 3 illustrates a method for generating the mosaic 
image. Referring now to Figs. 2, 3 and 4 f the target image 
is selected and loaded as indicated in step 60. A root node 
of source images in the database is then selected and loaded 
as indicated in step 62. More particularly, a database path 
is specified and a mosaic program is executed. The mosaic 
program reads source images from the section of the database 
indicated by the specified database path, analyzes the target 
image and selects a source image for use in each tile of the 
mosaic image. More particularly, source images having 
resolution corresponding to the selected number of sub- 
regions ("sub-region resolution") for the mosaic image are 
loaded into a linked list of structures; 



struct an_image { 
; char *path; 



/pathname of file in database/ 
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char used; 

used/ 

unsigned short *r; 
matching/ 

unsigned short *g ; 
unsigned short *b; 
struct anJLinage *next; 
structure/ 

struct an_image *previous; 
} an_iniage ; 
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/whether image has been 
/RGB image data for RMS 

/pointer to next 
/pointer to prev structure/ 
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embodiment, a variation of the average Root-Mean Square 
"RMS" ) error of the Red, Green, and Blue ("RGB" ) channels 
of each sub-region 66 is compared to each respective 
corresponding source image pixel, f or each source image in 
the . database that is of proper resolution and i e not 
designated as " Use d.- A RMS error between the loaded pixel 
and loaded sub-region is computed for RGB channels and kept 
as a running sum for the tile as indicated in step 7* if 
unanalyzed sub-regions exist in the tile as indicated in step 
76, .flow returns to step 70. If all sub-regions have been 
analyzed, as determined in step 76, then the running sum RGB 
RMS error is compared to the lowest such error yet computed 
for a source image and the tils as indicated in step 78 r f 
the error sum is lower than any previously recorded error sum 
for the tile, the error sum value and an index to the source 
image are recorded as indicated in step 80. 

; When all of the source images have been analyzed for 
similarity to the tile, the source image with the least 
competed RGB RMS error is assigned to a tile in the mosaic 
image corresponding to the tile in the target image < e 
in the same location in the image. More particularly if 
other source images in the database have not been compared 
with j the tile as determined in ste p 82, a new source image 
is loaded as indicated in step 84 and flow returns to step 
70. .if all source images have been compared with the tile 
as determined in step 82, the source image with the lowest 
sum srror is allocated to the tile and marked as -used" as 
mdxcated in step 8 6. The assigned source image is marked 
as "used" So that source images do not appear more than once 
in the mosaic image. 

,The matching process is repeated for each and every tile 
in the target image. Upon completion, a list of source 
image* is written to a text file which is used by a final 
rendering program to construct a bitmap f roro the full 
resolution versions of the source images. Mor e particularly, 
if all tiles have been examined as determined in step 88 a 
list of the lowest sum error source images for each tile ie 
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written to a text file as indicated in step 90, and the 
mosaic program reads the list and assembles a bitmap aa 
indicated in step 92. If unexamined tiles still exist as 
determined in step 68, flow returns to step 68. 

A variation of the matching process, including 
computation of RMS error, is implemented as follows: 

/* The goal of this routine is to find which source 
photographs are the most */ 

/* vijsually similar to a given region (grid-space) of the 
target image. */ 

int find„matches(int x, int y) 

register i, rt, gt, bt; 

int low, result, ii, the tile; 

Char imagename[256] , best__path [256] ; 

unsigned short rmas {XMAX*YMAXJ , gmas [XMAX*YMAX] , bmas 
[XMAX*YMAX] ; 

ithe_tile = x+(y*Bizex) ? 

/* For this given grid- location of the target image, 
clear the list of errors. */ 

;/* This list will later contain the computed errors and 
will be sorted from best */ 
/* td worst */ 

ifor(i « 0; i < pixels; i++) [ 

tiles [the_tile] .listti] .scores 9 999 9 99 9/ 
tiles [the_tile] .list [i] .rank - 0? 



:Strcpy(iraagename, filename); /* Get the name of the 
target image */ 

imagename [strlendmagename) -3] « 'e'; /* Make sure that it 
has the proper filename extension +/ 
imagename [strlen (imagename) -2] » 'g' ; 

i imagename [ st rl en (imagenams) -1] = 'i'; 

get_3rid_space(rmas r bmas, x, y) ; /* Get the image data 

for the desired region of the */ 

+ 1 target image and put it into three arrays, 

image « head__image? */ Reset the linked-list of source 
images to the beginning */ 

while (image- >next !- NULL) { /* For every source image we 
are considering */ 

result = 0; 



(31) 



0-269353 



/* This ia a variation of RGB RMS error. The final square- 
root has been eliminated to */ 

/* speed up the process. We can do thia because we only care 
about relative error. */ 

/* HSV RMS error or other matching systems could be used 
here/ as long as the goal of */ 

/* finding source images that are visually similar to the 
portion of the target image */ 
/* under consideration is met. */ 

for(i =0; i > size; i++) { 

rt « (int) ( (unsigned char) rmaa [ij - (unsigned 
char) image - > r t il ) ; 

gt = (int) ( (unsigned char)gmas[i] - (unsigned char} 
:image->g[i] ; 

;bt = (int) ( (unsigned char)bmas[i] - (unsigned 

'char) image- >b[i] ; 

iresult += (rt*rt+gt*gt+bt*bt) ; 

i = 0; 

: /* The following code takes the error computed for the 
laBt source image and inserts */ 

'/* it into a sorted list of all of the source images., 
The list is shifted towards the */ 

/* end to make roan for this insertion */ 

;if (result < tiles [the_tile] .list [pixels-1 3 . score) { 

while ( {result > tiles [the__tile] . list [i] .score) 
&&(i*+ < pixels))/ 

for(ii = pixels-1; ii> i; ii--) { 

tilestthe tile] ♦ list iii} .score « tilestthe 

tile] .list[ii-U , score; 

tilestthe tile] . list [ii] .rank - tiles[the 

tile] .list Cii-1] .rank; 

tiles [the_tile] .list [ii] .pointer = tiles[the 
tile] . listjii-l] .pointer,- 



tiles [the_tile] , list [i] . score « result; 

tiles [the_tile] , list [i] , rank = i; 

tiles [the_tile] . list [i] .pointer « image; 

/* Now let's move to the next source image and repeat 
until we run out */ 



image » image ->next; 
} /* while */ 

/* Since the list is sorted from next to worse, we can see 
the best tile by looking at */ 
/* the first list entry* */ 

low = tiles [the_tile] .list [0] .score; 

tiles [the_tile] .score = tiles [the.tile] . list [0] . score; 
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tiles [the_tile] .rank - tiles [the_tile] , list [0] .rank/ 

strcpy(best_path, tiles [the_tile] ,list[0] .pointer->path) ; 

/* Do not let this image get replaced later because it was 
fffVrni i" required for the mosaic.*/ 

tiles:[the_tilej .required = tiles [the tile] . list [0] oointer- 
>required; ~~ * w - tAACCX 

s trcpy (tiles [the__tile] .path, best_path) ; 

sprmtf (imagename, »%s/%s", di8 P _version, best^path) ; 

/* We now have a sorted list of source images from most- 
visually-similar to least-visually-similar */ 
/* fox this grid location of the target image,*/ 

return low; 

} /* find_matches () */ 

A second routine is used in one embodiment of the 
invention to take the sorted list from the previous routine 
and not only ensure that each source image is only used once 
but also to see that a given source image will not be 
selected for one region if it is an even lower match in 
another . 

7* In the first phase of the program (find matches ()) 
e created a sorted list of source images */ ~ ' 

; /* for each grid-space of the target image. Since we 
do not want to repeat source images within «/ 

the mo . aaic ' , each ^id-space cannot have its first 
choice source image (a source image may have */ 

ThP r^™f «??u ? matC i 1 - f ° r ; ™ re than one 9rid location) . 
The purpose of this routine is to decide which */ 

V* of the grid locations actually gets to use the source 
image. For example, it will not be placed */ 

another */ ^ 9r±d location if lfc an even better match to 
int optimize () 

int i, x, deepest » 0, change, a, step, which; 

r J* ? ? r ?? ch ? f the 9 rid " locations in the tarcrec imaae 
(number of tiles in the final mosaic) */ image 

/* This an N A 2 algorithm, so we must looo twice to 
ensure that we consider all images for */ P 
/* all grid-locations. */ 
for (a = 0; a < pixels; a++) { 
change s 0; 
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/* For each of the grid- locations in the 
target image (number of tiles in the final mosaic) */ 
for(x = 0; x < pixels; x++> { 

which = 0 ; 

do { 

step = 0? 

for(i =* 0; i < pixels; i++) { 

. /* If tile is wanted more 

somewhere else, give it to them. */ 

» ! » _ _ , /* We do this by going 

through all the top choices for the other grid locations. */ 

/* If we see the same 
source image listed as the first choice at another grid */ 

■, , _ /* location, we check to 

see if it is a better match at the other location. */ 
^, „ /* If it is, we move 

through our sorted list to the next beet match for our 
current */ 

«. u - : „ dislocation and do 

this- until we find a source image that is not a better match 
*/ 

-,. . u , , , /* anywhere else. When 

^and*/ ^ P ^ variable " ste P" stays as 

, /* we exit the do-while 

loop */ 

, . ; , , if ( (tiles {i] . rank <« 

which) &Sc { istrcmp (tiles [xj .list [which] .pointer->patch, 
tileefi] .path))) { ^ 

. /* If rank is same, check 

scores . */ 

which) £ 
continue 



. , u ff , „ r , if ( (tiles [ij .rank 

whic^i) £& (tiles [i J .score > tiles [x] .list [which] .score)) 



if {i »= x) continue,* 

which**; 

step R i, 

y 1 

: } while (step) ; 
if (which > deepest) deepest = which; 

/* Now that we found the most visually-similar source 
image that is *not* a better match in another */ 

/* grid location, we ee the name of the image as 
associated with this grid-location of the tarcret */ 

/* image. */ 

>pathff [ strcmp(tilea[x] *P ath ' tiles [x] .list [which] .pointer- 
: change ++ ; 

strcpy(tiles[x] .path, tiles [x] . list [which] .pointer- 



(34) 



mm¥l 0-269353 



>path) ; 

tiles (xj .required » tiles [x] .list [which] , pointer- 
required ; 

tiles [x] . score = tiles [x] . list [which] . score ; 
tiles [x] .rank « which; 

} 

} /* for */ 

/* If;, we go through all of the grid- locations and we do not 
need to replace any */ 

/* tiies as being a better match in another location, we can 
exit the routine now, */ 
if (I change ) break ; 

fprinjtf (stderr, "\n%d/%d, %d changes (deepest is %d)\n", a, 
pixel's-!, change, deepest); 

/* We; need to loop back with this for loop as many times as 
there; are grid-space in the final mosaic. */ } /* for */ 

] /* optimize () */ 

A rendering program can be employed to produce the 
mosaic image following the matching process. The rendering 
program reads the list of the selected tiles, locates the 
full sized version of each respective corresponding source 
image; in the database, and binds the located source images 
together to create a bitmap. The tiles in the mosaic image 
may be separated by a line to discreti2e them when viewed 
from close proximity. From a distance, the gridlines should 
be thiin enough to disappear completely to the human eye, so 
as not to interfere with the seamlessness of the mosaic. The 
bitmap is then saved in a standard format to be displayed on 
a monitor or output in printed form. 

The digital mosaic image can be printed in different 
ways, depending on quality, price and size constraints. Film 
recording and photographic printing may be employed. An 
image can be written to photographic film using a film 
recorder. Once the image is on chrome or negative, it can 
be printed on normal photographic paper. This option is best 
for a; moderate number of small copies as writing the image 
onto the film is a one time cost. Direct digital printing 
potentially produces the highest quality, but each print is 
expensive. Digital printers employ either continuous -toning 
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or half -toning. Continuous- tone printers deposit an exact 
color for each pixel in the image. Half toning printers 
deposit only drops of solid color, forming shades of color 
by using dots of different sizes or different spacing. 
Hence, the print will look less photographic. Process color 
printing is the technique used to reproduce images in 
magazines and books, and is a good method for producing many 
(e.g.., hundreds of thousands) near -photographic copies. 

?The effects of sub-region based analysis on source image 
selection are illustrated in Fig. 5. A target image 100 was 
employed to produce first, second and third mosaic images 
102, 104, 106, respectively. The target image 100 includes 
4 X 4 tiles. An intermediate "sensed" image representing the 
average of all pixels in the smallest analyzed portion (tiles 
in image 108, and sub -regions in images 110 and 112) . In the 
first analysis, resulting in images 108 and 102, sub-regions 
are not employed. In the second analysis, resulting in 
images 110 and 104, 4X4 sub-regions per tile are employed. 
Because some light and dark regions can be sensed within each 
tile in the second analysis, those sensed regions are taken 
into consideration when searching the database during the 
selection process . 

In the third analysis, resulting in images 112 and 106, 
16 X 16 sub-regions are employed. With 15 X 16 sub-regions, 
the intermediate image 112 is substantially closer to the 
target Image 100. Further, image 106 shows that when this 
amount of detail is considered during the selection process, 
more appropriate matches are selected. For example, the 
woman in the first row is the same shape as the vertical 
black: bar in the same region of the target image. Further, 
the lizard in another tile matches the diagonal that it was 
compared to. This high-degree of shape matching has a 
powerful effect on the image-forming ability of the final 
mosaic image as information about the contours and shading 
in a target image may transcend the boundaries of each mosaic 
tile. 

In addition to providing improved source image 
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art. Therefore, the invention should not be viewed as 
limited to the disclosed embodiments but rather should be 
viewed as limited only by the spirit and scope of the 
appended claims . 



4 . Brief description of Drawings 

= Fig. 1 is a block diagram of a mosaic image generating 
syst^m; 

:Fig. 2 is a block diagram of a database of source 
images ; 

;Fig. 3 is a flow diagram that illustrates a method of 
mosaic image generation; 

:Fig. 4 is a diagram tha- illustrates tiles and sub- 
regidns ; 

;Fig- 5 illustrate© the effect of sub-region analysis on 
source image selection; and 

iFig, 6 illustrates the effect of sub-region analysis on 
final mosaic image resolution. 
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1 . Abstract 

:a mosaic image is formed from a database of source 
images. More particularly, the source images are analyzed, 
selected and organized to produce the mosaic image. A target 
image is divided into tile regions, each of which i e compared 
With individual source image portions to determine the beat 
available matching source image by computing red, green and 
blue: channel root-mean square error. The mosaic image is 
formed by positioning the respective best -matching source 
image's at the respective tile regions. 



2. Representative Drawing 
Figure 1 
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